China is one of the world's largest manufacturers and consumers of man-made board applications. A systematic and efficient method of foreseeing future technology trends and their evolutionary potentials is a key task that can help companies guide their planning and allocate their resources. Application of the law of evolution with a S-shaped curve could contribute essentially to the accuracy of the long-term forecast. This research seeks to determine the current stage and the position on the S-curve of man-made board technology in China on the TRIZ evolution theory and introduce a methodology which combines patent analysis and technology life cycle forecasting to find a niche space of man-made technology development in China.
Introduction
All types of man-made board are generally cheaper and easier to work with that solid wood, and are available in a large range of sizes. Nowadays, many companies invest a large amount of money in Research and Development (R&D) of this man-made technology. The challenging conditions of global competition and short product life cycles have forced many companies to continually generate research and development. Man made boards usually have five types: chipboard, plywood, fibreboard, hardboard and blockboard. Man made boards gets primarily applied in such industries as furniture, building & decoration, wood flooring, packaging, and electronic processing. Market development brings a greater degree of market competition that will penalize inefficient producers. To be competitive in the global market, the companies must know its future technology and make the right strategic decisions for product development. However, little has been done in discussing the technology forecasting for the man made boards development.
The Theory of Inventive Problem Solving, or Teoriya Reshniya Izobretatelskikh Zadatch (TRIZ) in Russian, is a systematic method that can help R&D personnel overcome personal limited experience constraints. Among the tools contained in TRIZ, the evolutionary patterns systematically describe possible technological evolutionary trends and establish evolutionary phases for each trend (Rantanen and Domb, 2002) . TRIZ is based on the objective laws of technology evolution. Using a Multi-screen analysis different levels of details can be recognized for any technology forecast.
In scope of research about technology future analysis, different methods are classified for examining the development of technology, and the subsituation of technology. Many successful technology forecasting models have been developed but few researchers have explored a model that can best predict short product lifecycles. Growth curve method involves fitting a growth curve to a set of data on technological performance, then extrapolating the growth curve beyond the range of the data to obtain an estimate of future performance (Cheng et al. The purpose of this paper is to analyse the evolution of the technology of man-made board using the technological S-curve model and technical forecasting by integrating TRIZ and patent analysis. Patent studies are also concerned with the analysis of the innovation process itself in order to assess and evaluate the output of research activity. Through patent analysis, companies monitor the development of technology and evaluate the position of potential competitors in the market. A case study of Chinese man made boards patent forecast is also presented to demonstrate the selection procedure proposed in this research. Finally, the forecaster is to assist the contemporary decision-makers in the choosing of policies and making of plans are also discussed.
Overview of TRIZ
Genrich Altshuller studied the theory of invention and, by researching thousands of patent certificates, developed the methodology to show that the same generic heuristics can be re-applied in various technical fields. TRIZ is a systematic human-being-oriented and knowledge-based methodology (Savransky 2000). TRIZ is a systematic approach to innovation and such is ideally suited to managing complex data and brainstorming new options for technology intelligence.
TRIZ is a specific technique in the design phase. The regularity of systems' evolution as an initial slow change (birth and childhood), followed by a rapid change (growth) and then ending in a slow change (maturity and decline). Its performance follows the S-Curve. It implies that when a technology is newly introduced, it takes some time to gain acceptance in the market, and after this, rapid adoption of the technology takes place. S-Curve can be used in inventive problem solving, innovation and technology forecasts from different domains. To understand the stage where a technique is on its evolution, TRIZ suggests to use two metrics from patent analysis, i.e. number of patents and level of invention in addition to conventional metrics of performance and profit. The law of natural growth over a period of time can be described through periods of birth, growth, maturity, decline for any system. 
S-curve in TRIZ
From the TRIZ viewpoint, in the mid 1970s it was proposed to employ the S-curve model for the qualitative study of technical systems evolution. In order to facilitate the positioning of the analysed system onto a logistic curve G.Altshuller proposed the application of three supplementary statistical curves: changes of number of inventions, changes of level of inventions, and changes of profitability during time. The law of natural growth and the S-curve play a key role in the set of height laws of technical systems evolution, postulated in TRIZ. The law of increasing ideality of technical systems is in fact the derivation of the enveloped curve of successive substitutions of technical systems.
What stage the system is on this curve can be determined by a number of means:
The main activity per time period (to begin with you are focused on making your product work; this progresses through efficiency and then finally reducing cost);
Number of patents per time period (patent numbers tend to peak during the growth period and then again just prior to decline); Level of innovation (the level of innovativeness of patents logged tends to peak during the growth phase and then decline); Performance level (the performance level tends to follows the S-Curve, so that should have moved to next generation before the performance levels off).
Therefore, if you find yourself in a position where cost-reduction is your main priority and if the performance of your product has leveled off, then you should have already launched the next generation (the next S-Curve) of your product. In this way you can then identify where your system, sub-systems and super systems are on their respective S-Curves to see where there is still opportunity for growth and where there needs to be a step change to a new S-Curve. S Curve is based on nature. It represents a natural law of growth by using the logistic equations.
Defining a system is a difficult task in itself. One of the fundamental ideas in the system approach is that all systems interact with their environment. In order to portray this phenomenon the system operator (multi-screen schema) must link super systems, systems, and sub-systems as well as past, present, and future dimensions.
Methodology and Growth Curves

The Growth Curve Model
Before presenting the results of the analysis of the technology performance of man-made boards using the S curve model, it is important to reflect upon its theoretical foundations.
The logistic function as a model of population growth was first introduced by Belgian mathematician Verhulst in 1838 [Stone, 1980] . The logistic equation was introduced to describe the self limiting growth of a population. This equation sometimes calls the Verhulst-Pearl equation according to its rediscovery in 1920 by American zoologist and one of the founders of biometry R. Pearl.Fisher and Pry in 1971 have shown that data describing the substitution of a new product or process for an old one can be fitted extremely well by a simple mathematical logistic function that produces an S curve. Today this model is frequently employed to compute the product life cycle for technological forecasting.
S-curves are most often applied for analyzing past data in order to disclose new trends and for proving known ones. The Verhulst's equation can be written as:
The most commonly used formulation of the Logistic growth curve is described by the equation 2, which was the most popular growth curve model in technology forecasting field. As soon as the function parameters can be calculated using a partial set of data it is possible to use the equation in a predictive model. P t -is the variable representing performance.
-specifies "width" or "steepness" of the S-curve; growth rate parameter, time required for growth trajectory from 10% to 90% of limit k characteristic duration.
-parameter specifies the time( tm ) when the curve reaches 0.5k midpoint of the growth trajectory. tm implies symmetry of a simple logistic S-curve. K-is the asymptotic limit of growth which called the characteristic duration. The logistic model is symmetric around the midpoint tm. Application of S-shaped curves The term "Loglet", coined at The Rockefeller University in 1994, joins "logistic" and "wavelet". The Loglet lab software package allows users to perform Loglet analysis on any suitable time-series data set. Using Loglet lab software and patent publications data, logistic fits are produced for man-made board technologies.
Extrapolation of trends using logistic S-curves model is essentially quantitative forecasting methods with qualitative interpretation of result. However, the forecasting model should apply minimum characteristics, in order to provide a clear unambiguous interpretation of results.
Forecast the future of man-made boards technologies
Patent Analysis
Patent statistics have been used as indicators of technological change. Patent provide exclusive rights and legal protection for inventors, and contain detailed specifications necessary to define and protect the boundaries of an invention. In this research, patent data from the online SIPO database. We have analyzed about thousands China patents issued covering the years1985 -2007 for man-made boards which IPC is B27. For instance, to study the dynamics of man-made boards, such a result was interpreted "the fastest rate of growth (midpoint) of the first pulse occurred in 1992. 
Technology forecasting and technology life cycle analysis
Comparing the figure 2 and figure 3 we figured out that man made boards born in 1985 just moved into the second (growth) stage of technique evolution due to many supportive patents on the low levels. This study leverages "Chinese patent" database to query related key index to develop "S Curve" by using "Technology life Cycle" theory in order to estimate the mature time of each stage of the life cycle. Patent data were input into Loglet Lab software to generate logistic growth curves. Finally, this study obtained technology growth curve data for the saturation, midpoint, and growth of time for analyzing technology developments and tendencies.
Conclusion
This study is an important reference for technology forecasting and development of the man-made board field. We have analyzed few hundreds Chinese patents selected in the field of man-made board in the framework of TRIZ. Such patent analysis helps to figure out used heuristics, to prioritize technical problems, to foresee possible solutions, to identify evolution trends for board technique and to envisage future board roadmaps. From the study, it might be concluded that the current stage of man-made board technology in China is in the growth stage of its technological S-curve. As a result, it is recommended that the company should optimize the existing technology to move it up its S-curve until the next stage of its life cycle.
